The relations of exercise, employment, and other daily activities during pregnancy with pregnancy outcomes were examined using data from the Missouri Maternal and Infant Health Survey. Maternal surveys were available for the following singleton birth categories: 450 fetal deaths; 782 very low birth weight (VLBW, <1,500 g); 802 moderately low birth weight (MLBW, 1,500-2,499 g); and 794 normal birth weight (NBW, £2,500 g). All mothers were Missouri residents at the time of their December 1989 to March 1991 deliveries. It was found that VLBW mothers had exercised during pregnancy significantly less than NBW mothers. When compared with NBW mothers before pregnancy, VLBW mothers had been just as likely not to exercise as NBW mothers (odds ratio (OR) = 0.88, 95% confidence interval (Cl) 0.69-1.12). During the first, second, and third trimesters, the odds ratios decreased to 0.70 (95% Cl 0.53-0.92), 0.54 (95% Cl 0.40-0.74), and 0.33 (95% Cl 0.20-0.53), respectively. The VLBW mothers also were less likely to exercise during the third trimester than MLBW mothers (OR = 0.34, 95% Cl 0.21-0.54) or mothers with fetal deaths (OR = 0.36, 95% Cl 0.19-0.67). During the 3 months after pregnancy, none of the exercise odds ratios were statistically significant between groups. No significantly increased risks were found between employment during pregnancy or other daily activities and adverse pregnancy outcome. The study supports the recently relaxed guidelines of exercise during pregnancy.
Historically, pregnant women have been encouraged to reduce physical activity and stop working, especially during the latter stages of pregnancy (1) . Exercise in the periconceptual period and in the first weeks of pregnancy was traditionally considered to increase the risk of early pregnancy loss or preterm labor due to possibly stimulating uterine activity (2) . Exercise could also divert blood flow to working muscles, reducing placental circulation and thus, fetal growth.
Despite these possible negative effects, increasing numbers of women are engaging in regular exercise and working throughout pregnancy. Benefits of exercise have been hypothesized to include a sense of well-being, shorter labor length, less difficulty with labor pain, and fewer obstetric interventions (3) .
Most published studies (4-10) of exercise in pregnancy among human subjects have involved small numbers of volunteer subjects who already were participants in regular exercise programs. The results have been somewhat contradictory, although most have shown no effect on the course or outcome of pregnancy. Two studies with larger numbers were a 212 Schramm et a).
meta-analysis by Lokey et al. (11) and a study by Hatch et al. (3) of 800 prenatal patients in Pennsylvania and New York. The Lokey et al. study combined results from 18 studies to show that women who exercised during their pregnancies did not differ from sedentary women for any of the measured outcome variables: maternal weight gain, infant birth weight, length of gestation, length of labor, and Apgar score.
Hatch et al. (3) found that for fit, low-risk prenatal patients, maternal exercise was positively related to birth weight. For women with prior adverse outcomes or a lack of conditioning, the associations between maternal exercise and fetal growth were equivocal.
The American College of Obstetricians and Gynecologists recently modified its guidelines (12) for exercise in pregnancy, indicating that healthy women with no special risks can exercise longer and harder than first thought or recommended. The previous bulletin of the American College of Obstetricians and Gynecologists (13) had recommended that the heart rate be taken no higher than 140 beats per minute and for no longer than 15 minutes. With the new guidelines, these targets are omitted, and it is stated that the pregnant woman should not exercise to exhaustion.
The present study examines the relations of exercise, employment, and other daily activities with pregnancy outcome using the Missouri Maternal and Infant Health Survey (MMTHS). The MMIHS is a population-based case-control study developed to examine factors related to the prevention and subsequent health care needs of very low birth weight infants as well as stillbirths. It is a joint project of the National Institute of Child Health and Human Development and the Missouri Department of Health.
MATERIALS AND METHODS
The MMIHS is a population-based case-control study of all Missouri resident very low birth weight (VLBW, < 1,500 g) infants born between December 1, 1989, and March 31, 1991, with similar numbers of moderately low birth weight (MLBW, 1,500-2,499 g) infants and normal birth weight (NBW, >2,500 g) infants serving as controls for singletons. Multifetal sets with infants weighing at least 1,500 g each served as controls for multifetal VLBW pregnancies. The study also covered all Missouri resident fetal deaths (20 weeks gestation or more) for the same time period. The fetal death group provided another comparison with the VLBW group, which is a frequently overlooked outcome. An attempt was made to survey 4,104 mothers who were eligible for the study.
For singleton VLBW pregnancies, MLBW and NBW controls were selected on the basis of race (black, nonblack), maternal age (<20, 20-24, >25 years), and geographic area (St. Louis City, St. Louis County, Kansas City, Jackson County, and the rest of Missouri). For multifetal pregnancies, maternal age was dropped and race and geographic area were retained to select control sets in which each member of a set weighed 1,500 g or more and were live born.
To improve response rate, in-hospital postpartum maternal interviews were conducted for five major hospitals (two in St. Louis, one in Kansas City, one in central Missouri, and one in southwestern Missouri) that provide services to the poor. A matched record technique was used to acquire controls for the inhospital interviews. For the rest of the state, surveys were mailed to the mothers based on a stratified random sampling technique to obtain controls. The inhospital component made up 35.5 percent of the study population and 39.2 percent of the completed surveys.
The overall response rate for the maternal survey was 75.6 percent (3,102 of 4,104) with a 83.5 percent rate for the five hospitals and 71.2 percent for the mailed survey. Only singletons were used in this activity and outcome study, which is one of the largest known population-based studies on this subject. Maternal surveys were available for 450 fetal deaths, 782 VLBW, 802 MLBW, and 794 normal birth weight births. As shown in table 1, response rates were similar • VLBW, very low birth weight (<1,500 g); MLBW, moderately low birth weight (1,500-2,499 g); NBW, normal Wrth weight (£2,500 g).
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In the maternal survey, the mothers recorded relatively detailed accounts of their respective pregnancies related to prenatal care, general health, reproductive history, smoking and drinking, social support, employment and other daily activities, diet and nutrition, personal and household characteristics, father's characteristics, and postpartum care. The present study focuses on the section of the survey entitled "Employment and Other Daily Activities."
As an exercise question, we asked how frequently the mothers engaged in exercise activities during the 3 months before pregnancy, during each trimester, and during the 3 months after pregnancy. We gave examples of what we meant by vigorous exercise activity (at least 20 minutes at a time) and asked them to check one of four boxes for each time period requested: never, less than once a week, one to two times a week, and three or more times a week. We also asked them to describe the activity they did most often. The afterpregnancy question was not asked the 39 percent of mothers who completed the survey in the hospitals.
Employment questions consisted of asking whether they worked during pregnancy, whether they stopped working, specifically when they were employed, the types of tasks, and the work environment. The tasks and environment questions included examples of working on an assembly line, working with vibrating machines, doing repetitive or boring tasks, and working in hot, cold, or noisy areas. Many of these questions are from studies by Mamelle et al. (14) . Mothers were also asked about whether during pregnancy they engaged in other types of physical activities such as climbing stairs, standing for 3 or more hours, engaging in strenuous household work, and taking care of children.
Unconditional logistic regression was used to calculate adjusted odds ratios of exercising three or more times per week (exercise) for each trimester between the various outcome groups: VLBW, MLBW, NBW, and fetal deaths. Since the NBW and MLBW were control groups for VLBW, they could not be easily compared with the fetal death group. The fetal death group (a complete population) thus could be compared only with the VLBW group (also a complete population). Covariates used in these models included the following variables: mother's perception of general health during pregnancy (4-point scale from excellent to poor), physician advised mother to exercise more or less, age, education level and prepregnancy weight of mother, bed rest prescribed for 24 hours per day, mother smoked during pregnancy, race (black, nonblack), and source of survey (hospital or mail).
Some of the variables that are standard for almost any analysis of birth weight are age, education, race, prepregnancy weight, and whether the mother smoked during pregnancy. One less standard question is related to the mother's perception of her health during pregnancy. If she felt poorly, she would be expected to exercise less. Her physician's advice about exercise frequency according to her recollection was also used.
Records with missing data for these covariates were excluded in calculating the odd ratios. Any birth certificate on which the clinical estimate of gestation indicated a pregnancy less than 27 weeks was excluded for the third trimester odds ratio.
To study whether extreme exercise affects outcome, a strenuous exercise variable was used for mothers who exercised at least three times per week in the second or third trimester with an exercise other than walking. Adjusted odds ratios were calculated for this variable in a similar manner to the no exercise odds ratios.
In another separate analysis, the MLBW group was divided into small for gestational age and adequate for gestational age groups. Small for gestational age ranked less than the 10th percentile of birth weight for a given clinical gestational age based on Missouri resident singleton birth certificate data for 1989-1994. Adequate for gestational age represented all other MLBW births. Because nearly all infants in the VLBW group were premature and the NBW group was primarily adequate for gestational age, these groups were not subdivided.
Crude odds ratios were calculated to test whether the work variables and other daily activity questions were related to any of the outcome variables. These were based on 2 X 2 tables: activity (yes or no) versus each of two outcome categories. Outcome combinations included VLBW versus NBW, VLBW versus MLBW, VLBW versus fetal deaths, and MLBW versus NBW.
RESULTS
In table 2, the covariates selected for adjustment are presented in relation to the exercise question during the second trimester of pregnancy. Overall, approximately 19 percent of mothers in the study reported exercising three or more times per week during the second trimester. Mothers told by their physicians to exercise less and those prescribed 24-hour bed rest reported lower percentages of exercise. Mothers who were younger than 20 years, who were black, and who were told to increase their exercise reported greater percentages of exercise. Approximately 26 percent of the mothers in the study were told to exercise more, and 15 percent were told to exercise less. Mothers of VLBW infants were more likely to have been told by their physicians to exercise less frequently in comparison with mothers with other outcomes (20 percent of VLBW mothers vs. 12-14 percent of other outcome groups).
As seen in table 3, the exercise frequency percentages changed throughout the pregnancy by outcome (i.e., VLBW, MLBW, NBW and fetal deaths). Before pregnancy, the distributions by outcome were very similar with approximately one third of each group not exercising, slightly less than one third exercising three or more times per week, and slightly less than 60 percent of those who exercised walking while the rest were involved in more vigorous activities such as swimming, doing aerobics, or playing tennis.
As their pregnancies progressed, more women discontinued exercise as the percentage of those exercising three or more times per week decreased to approximately 16 percent for the total study sample in the third trimester. Slightly less than one fifth of the mothers having NBW infants reported exercising during the third trimester whereas only 7 percent of the VLBW mothers exercised three or more times in this trimester. Of those who did exercise, 80 percent of the NBW mothers and 85 percent of the VLBW mothers primarily walked.
In the 3 months immediately after delivery, the no exercise level returned to approximately the first tri- Exercise and Adverse Pregnancy Outcomes 215 mester level and the proportion exercising three or more times per week was about the same as in the second trimester. There was little difference between the outcome groups during this period after pregnancy. Table 4 reflects the decreased exercise crude odds ratio between VLBW and NBW mothers as their pregnancies progressed. From a non-statistically significant ratio of 0.95 (95 percent confidence interval (CI) 0.76-1.18) before pregnancy, the exercise crude odds ratio decreased to 0.71 (95 percent CI 0.55-0.90) in the first trimester, 0.52 (95 percent CI 0.39-0.68) in the second trimester, and 0.32 (95 percent CI 0.20-0.49) in the third trimester. During the 3 months after pregnancy, the ratio returned to a nonsignificant 0.82 (95 percent CI 0.57-1.16).
After adjustment for the confounding variables listed in Methods, the exercise odds ratios changed only slightly, as also shown in table 4. The ratio in the second trimester was still 0.54 to 1, and the exercise odds ratio was 0.33 to 1 in the third trimester between VLBW and NBW mothers.
The relations of exercise by trimester between other pregnancy outcomes is shown in table 5. No significant relation was found between mothers of moderately low birth weight infants and those having normal birth weight babies. VLBW mothers were significantly less likely to exercise in the first, second, and third trimester than MLBW mothers; and VLBW mothers were also significantly less likely to exercise in the second or third trimesters than mothers having fetal deaths.
With regard to those women doing the greatest amount of exercise, defined as strenuous in Methods, the VLBW mothers reported this activity less frequently than the other groups and significantly less than NBW mothers (odds ratio = 0.29 (95 percent CI 0.13-0.62)). Only three VLBW mothers reported strenuous exercise, indicating that extreme exercise is not an important risk factor for very low birth weight.
Approximately 45 percent of MLBW births were small and 55 percent were adequate for gestational age. As with the combined group, there was no significant difference in exercise odds ratios for either the small or adequate for gestational age groups compared with NBW for any trimester tested. For example, in the second trimester, the small for gestational age to NBW exercise odds ratio was 1.12 (95 percent CI 0.80-1.55), and the adequate for gestational age odds ratio was 1.04 (95 percent CI 0.77-1.41).
In an effort to explore the effects of pregnancy complications on exercise levels, data were stratified into two groups. These groups included one with spotting, vaginal bleeding, and symptoms of bladder, kidney, or vaginal infections in the first or second trimester and another group without these conditions. VLBW versus NBW adjusted exercise odds ratios were calculated for each group.
As shown in table 6, exercise odds ratios decreased significantly for both groups with each succeeding trimester of pregnancy. Those women with the conditions described above showed a slightly greater reduction in the exercise odds ratio from before pregnancy to the third trimester than those without these conditions.
Next we examined other daily activities during pregnancy. There was no relation between working during pregnancy and outcome of pregnancy inasmuch as approximately 60 percent in each group worked (see table 7 ). There also was no relation between hours worked per week and pregnancy outcome.
Mothers having NBW infants were more likely to stop work during pregnancy. Approximately 79 per- • VLBW, very low birth weight (<1,500 g); NBW, normal birth weight (£2,500 g); OR, odds ratio; CI, confidence interval. t Covariates used were mother's perception of general health during pregnancy, physician's advice regarding exercise, age, education level, and prepregnancy weight of mother, bed rest prescribed for 24 hours per day, mother's smoking during pregnancy, race, and source of survey (hospital or mail). i_ T3 CD C
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cent of working NBW mothers quit work before delivery compared with 66 percent of VLBW mothers, 71 percent of MLBW mothers, and 61 percent of mothers having fetal deaths. However, this was primarily due to their longer pregnancies. When restricted to those stopping work by the end of the second trimester, the VLBW mothers had been most likely to quit working. Nearly half (49.6 percent) of the VLBW working mothers stopped work before the 27th week of pregnancy compared with 26 percent of NBW mothers, 28 percent of MLBW mothers, and 33 percent of mothers having fetal deaths. As shown in table 7, only two statistically significant relations were found between any of the work activities and conditions on the MMIHS and adverse pregnancy outcomes. For both of these (working with vibrating machines and working in uncomfortably hot areas), mothers having VLBW babies were significantly less likely to experience these conditions than mothers having normal weight infants. Thus, there were no increased risks associated between any of the conditions tested and adverse pregnancy outcomes.
No significant associations were found for other daily activities and adverse pregnancy outcome. The activities tested included climbing stairs, standing for 3 or more hours, not being able to rest when tired, carrying loads, and engaging in strenuous household activities. One exception was that VLBW and MLBW mothers were slightly less likely to take care of preschool children during pregnancy than NBW mothers (odds ratios = 0.74 and 0.81, respectively). This is another indication of VLBW mothers being less active during pregnancy than other mothers.
DISCUSSION
The major finding of this study is that mothers of VLBW infants are much less likely to exercise during pregnancy than mothers having other pregnancy outcomes. The exercise odds ratios between VLBW mothers and other mothers decreased significantly in the second or third trimesters. No significantly increased risks were found between employment during pregnancy, types of work activities and conditions, or other daily activities and adverse pregnancy outcome. This lack of a relation between pregnancy outcomes and work activities contradicts the results from t Covariates used were mother's perception of general health during pregnancy, physician's advice regarding exercise, age, education level, and prepregnancy weight of mother, bed rest prescribed for 24 hours per day, mother's smoking during pregnancy, race, and source of survey (hospital or mail).
t Spotting , bleeding, or symptoms of bladder, kidney, or vaginal infections in the first or second trimester. t MLBW, moderately low birth weight (1,500-2,499 g); NBW, normal birth weight (22,500 g); VLBW, very low birth weight (<1,500 g); OR, odds ratio; Cl, confidence interval. association with adverse outcome for low-risk women exercising during pregnancy. The relations between VLBW and lack of maternal exercise in the second and third trimesters may be due to a number of factors. It may be because the VLBW mothers are in poorer physical health during pregnancy. Medical risk indicators during pregnancy may lead physicians to encourage VLBW mothers to restrict activity. We did, however, control for various questions related to poor maternal health and physician's advice regarding activity, which had little effect on the exercise odds ratios between pregnancy out-comes. The stratification analysis by pregnancy symptoms also did not substantially affect odds ratios.
The relations may represent some artifact in the data. The exercise questions were self-reported and were answered by mothers after their pregnancies, involving possible recall bias for the VLBW mothers in particular. The exercise odds ratios may have been deflated, particularly in the third trimester, because the VLBW mothers had shorter pregnancies and fewer weeks to exercise. The lack of a stronger relation between exercise and some of the covariates may be an indication of inaccuracy in maternal responses to the survey questions.
While the trimester style of questions may have influenced the odds ratios, data retrieved from a public use tape of the 1988 National Maternal and Infant Health Survey (17) suggest that it had minimal effect. This large survey of 29,522 pregnancies presents the following exercise question: "Did you exercise/play sports at least three times a week after you found out you were pregnant?" Although the question is worded completely differently from any of the MMIHS questions, the national results agree with the Missouri results. The VLBW mothers reported the least exercise frequency: 30.3 percent compared with 36.0 percent for mothers with fetal deaths, 37.7 percent for MLBW mothers, and 42.1 percent for NBW mothers.
It is possible that lack of exercise does contribute to very low birth weight outcomes. To confirm this hypothesis, it would be necessary to do a large prospective study in which pregnant women's exercise programs would be very closely supervised. The conclusion of this Missouri study provides no indication that exercising regularly, working, or doing other normal activities during pregnancy contributes to adverse pregnancy outcomes.
